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©  Power  transfer  device  for  four-wheel  drive. 
©  In  combination  with  a  power  transmission,  a  power 
transfer  device  comprises  a  first  shaft  (20)  rotatably  mounted 
within  a  housing  (90)  and  having  an  input  end  for  connection 
to  an  output  shaft  of  the  transmission  and  an  output  end  for 
drive  connection  to  a  pair  of  rear-wheel  axles,  a  second  shaft 
(40)  rotatably  mounted  within  the  housing  in  parallel  with  the 
first  shaft  for  drive  connection  to  a  pair  of  front-wheel  axles, 
a  drive  gear  (30)  rotatably  mounted  on  the  -first  shaft  and 
connectable  to  the  first  shaft,  a  driven  gear  (32)  rotatably 
mounted  on  the  second  shaft  and  connectable  to  the  second 
shaft,  the  driven  gear  being  drivingly  connected  to  the  drive 
gear,  and  a  pair  of  sleeves  (72,  73)  each  mounted  on  the  first 
and  second  shafts  and  shiftable  between  a  first  position  (I) 
where  both  the  clutch  sleeves  are  retained  to  connect  the 
drive  and  driven  gears  to  the  first  and  second  shafts  and  a 
second  position  (II)  where  both  the  clutch  sleeves  are 
retained  to  disconnect  the  drive  and  driven  gears  from  the 
first  and  second  shafts,  whereby  both  the  drive  and  driven 
gears  are  stilled  when  two  wheel  drive  is  selected  at  the 
transfer  device. ./. 

Croydon  Printing  Company  Ltd. 

 I n   combination  with  a  power  transmission,  a  power 
transfer  device  comprises  a  first  shaft  (20)  rotatably  mounted 
within  a  housing  (90)  and  having  an  input  end  for  connection 
to  an  output  shaft  of  the  transmission  and  an  output  end  for 
drive  connection  to  a  pair  of  rear-wheel  axles,  a  second  shaft 
(40)  rotatably  mounted  within  the  housing  in  parallel  with  the 
first  shaft  for  drive  connection  to  a  pair  of  front-wheel  axles, 
a  drive  gear  (30)  rotatably  mounted  on  the  first  shaft  and 
connectable  to  the  first  shaft,  a  driven  gear  (32)  rotatably 
mounted  on  the  second  shaft  and  connectable  to  the  second 
shaft,  the  driven  gear  being  drivingly  connected  to  the  drive 
gear,  and  a  pair  of  sleeves  (72, 73)  each  mounted  on  the  first 
and  second  shafts  and  shiftable  between  a  first  position  (I) 
where  both  the  clutch  sleeves  are  retained  to  connect  the 
drive  and  driven  gears  to  the  first  and  second  shafts  and  a 
second  position  (II)  where  both  the  clutch  sleeves  are 
retained  to  disconnect  the  drive  and  driven  gears  from  the 
first  and  second  shafts,  whereby  both  the  drive  and  driven 
gears  are  stilled  when  two  wheel  drive  is  selected  at  the 
transfer  device. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p o w e r  

t r a n s f e r   d e v i c e   a d a p t e d   f o r   use   in  c o m b i n a t i o n   w i t h   a  

power   t r a n s m i s s i o n   f o r   a  f o u r - w h e e l   d r i v e   v e h i c l e   t o  

s e l e c t i v e l y   t r a n s f e r   o u t p u t   d r i v e   t o r q u e   f rom  t he   p o w e r  

t r a n s m i s s i o n   to  a  p a i r   of  f r o n t - w h e e l   a x l e s   a n d / o r   a  p a i r  

of  r e a r - w h e e l   a x l e s ,   and  more  p a r t i c u l a r l y   to  a  p o w e r  

t r a n s f e r   d e v i c e   c a p a b l e   of  s e l e c t i v e l y   p r o v i d i n g   e i t h e r   a  

low  s p e e d   f o u r - w h e e l   d r i v e ,   a  h i g h   s p e e d   f o u r - w h e e l   d r i v e  

or  a  h i g h   s p e e d   t w o - w h e e l   d r i v e .  

In  J a p a n e s e   U t i l i t y   Model   E a r l y   P u b l i c a t i o n   N o .  

5 3 - 1 2 1 6 4 2 ,   t h e r e   has   b e e n   p r o p o s e d   a  power   t r a n s f e r  

d e v i c e   of  t h i s   k i n d   w h i c h   c o m p r i s e s   a  f i r s t   s h a f t  

r o t a t a b l y   m o u n t e d   w i t h i n   a  h o u s i n g   and  h a v i n g   an  i n p u t  

end  f o r   c o n n e c t i o n   to  an  o u t p u t   s h a f t   of  a  p o w e r  

t r a n s m i s s i o n   and  an  o u t p u t   end  f o r   d r i v e   c o n n e c t i o n   to   a  

p a i r   of  r e a r - w h e e l   or   f r o n t - w h e e l   a x l e s ,   a  s e c o n d   s h a f t  

r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g   in  p a r a l l e l   w i t h   t h e  

f i r s t   s h a f t   f o r   d r i v e   c o n n e c t i o n   to  a  p a i r   of  f r o n t - w h e e l  



or   r e a r - w h e e l   a x l e s ,   a  d r i v e   g e a r   m o u n t e d   on  t h e   f i r s t  

s h a f t ,   and   a  d r i v e n   g e a r   m o u n t e d   on  t h e   s e c o n d   s h a f t   a n d  

d r i v i n g l y   c o n n e c t e d   to   t h e   d r i v e   g e a r .   In  such   a  

c o n v e n t i o n a l   p o w e r   t r a n s f e r   d e v i c e ,   t h e   d r i v e   g e a r   i s  

r o t a t a b l y   m o u n t e d   on  t h e   f i r s t   s h a f t   and  c o n n e c t a b l e   t o  

t h e   f i r s t   s h a f t   by  m e a n s   of  a  c h a n g e o v e r   m e c h a n i s m   s u c h  

as  a  c l u t c h   in   t h e   t r a n s f e r   d e v i c e ,   w h i l e   t h e   d r i v e n   g e a r  

i s   f i x e d l y   m o u n t e d   on  t h e   s e c o n d   s h a f t   f o r   r o t a t i o n  

t h e r e w i t h .   A l t e r n a t i v e l y ,   t h e   d r i v e   g e a r   i s   f i x e d l y  

m o u n t e d   on  t h e   f i r s t   s h a f t   f o r   r o t a t i o n   t h e r e w i t h ,   w h i l e  

t h e   d r i v e n   g e a r   i s   r o t a t a b l y   m o u n t e d   on  t h e   s e c o n d   s h a f t  

and  c o n n e c t a b l e   to   t h e   s e c o n d   s h a f t   by  means   of  a  

c h a n g e o v e r   m e c h a n i s m   s u c h   as  a  c l u t c h   in  t h e   t r a n s f e r  

d e v i c e .  

To  s e l e c t   t w o - w h e e l   d r i v e   a t   t h e   p o w e r   t r a n s f e r  

d e v i c e ,   t h e   c h a n g e o v e r   m e c h a n i s m   i s   c o n d i t i o n e d   t o  

d i s c o n n e c t   t h e   d r i v e   g e a r   f r o m   t h e   f i r s t   s h a f t   or  t h e  

d r i v e n   g e a r   f r o m   t h e   s e c o n d   s h a f t .   D u r i n g   t r a v e l   of  t h e  

v e h i c l e   in   s u c h   a  t w o - w h e e l   d r i v e   mode ,   t h e   n o n - d r i v e n  

w h e e l s   a c t   to  d r i v e   t h e   d r i v e   l i n e   c o m p o n e n t s   b e t w e e n   t h e  

n o n - d r i v e n   w h e e l s   and  t h e   c h a n g e o v e r   m e c h a n i s m   in  t h e  

t r a n s f e r   d e v i c e .   T h i s   c a u s e s   v a r i o u s   p r o b l e m s   such  a s  

t e m p e r a t u r e - r i s e   of  l u b r i c a t i n g   o i l   in  t h e   t r a n s f e r  

d e v i c e ,   w e a r   of  t h e   c o m p o n e n t s ,   p o w e r   c o n s u m p t i o n ,  

u n p l e a s a n t   g e a r   n o i s e s   and  t h e   l i k e .   A l t h o u g h   s u c h  

p r o b l e m s   can   be  s o l v e d   by  t h e   use   of  m a n u a l   or   a u t o m a t i c  



hub  l o c k s   a t   e a c h   n o n - d r i v e n   w h e e l   to  d i s c o n n e c t   t h e  

w h e e l   f rom  i t s   a s s o c i a t e d   s p l i t   a x l e   p a r t   when  t h e  

t w o - w h e e l   d r i v e   i s   s e l e c t e d   a t   t he   t r a n s f e r   d e v i c e ,   t h e  

hub  l o c k s   a r e   e i t h e r   i n c o n v e n i e n c e   to   o p e r a t e   o r  

e x p e n s i v e   and  c o m p l i c a t e d .   A d d i t i o n a l l y ,   i f   t h e   d r i v e r  

f o r g e t s   to  u n l o c k   t h e   m a n u a l   hub  l o c k s   in  t he   t w o - w h e e l  

d r i v e   mode  of  t he   v e h i c l e ,   t h e   f o r g o i n g   p r o b l e m s   may  n o t  

be  a v o i d e d .  

I t   i s ,   t h e r e f o r e ,   a  p r i m a r y   o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   to   p r o v i d e   an  i m p r o v e d   power   t r a n s f e r  

d e v i c e   w h e r e i n   b o t h   t he   d r i v e   and  d r i v e n   g e a r s   on  t h e  

f i r s t   and  s e c o n d   s h a f t s   can   be  s t i l l e d   when  t h e   v e h i c l e  

is   in  t he   t w o - w h e e l   d r i v e   m o d e .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   an  i m p r o v e d   power   t r a n s f e r   d e v i c e   c a p a b l e   o f  

p r e v e n t i n g   t e m p e r a t u r e - r i s e   of  l u b r i c a t i n g   o i l   in  t h e  

t r a n s f e r   d e v i c e   d u r i n g   h i g h   s p e e d   t r a v e l   of  t he   v e h i c l e  

in  t he   t w o - w h e e l   d r i v e   mode  and  c a p a b l e   of  r e d u c i n g   w e a r  

of  t he   c o m p o n e n t s   and  p o w e r   c o n s u m p t i o n .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e  

f o r e g o i n g   o b j e c t s   a r e   a c c o m p l i s h e d   b y  p r o v i d i n g   a  p o w e r  

t r a n s f e r   d e v i c e   a d a p t e d   f o r   use   in  c o m b i n a t i o n   w i t h   a  

power   t r a n s m i s s i o n   f o r   an  a u t o m o t i v e   v e h i c l e ,   w h i c h  

t r a n s f e r   d e v i c e   c o m p r i s e s   a  h o u s i n g ,   a  f i r s t   s h a f t  



r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g   and  h a v i n g   an  i n p u t  

end   f o r   c o n n e c t i o n   to   an  o u t p u t   s h a f t   of  t h e   p o w e r  

t r a n s m i s s i o n   and  an  o u t p u t   end  f o r   d r i v e   c o n n e c t i o n   to   a  

p a i r   of  r e a r - w h e e l   or   f r o n t - w h e e l   a x l e s ,   a  s e c o n d   s h a f t  

r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g   in  p a r a l l e l   w i t h   t h e  

f i r s t   s h a f t   and  h a v i n g   an  o u t p u t   end   f o r   d r i v e   c o n n e c t i o n  

to   a  p a i r   of  f r o n t - w h e e l   or   r e a r - w h e e l   a x l e s ,   a  d r i v e  

g e a r   r o t a t a b l y   m o u n t e d   on  t h e   f i r s t   s h a f t   and  c o n n e c t a b l e  

to   t h e   f i r s t   s h a f t ,   a  d r i v e n   g e a r   r o t a t a b l y   m o u n t e d   o n  

t h e   s e c o n d   s h a f t   and   c o n n e c t a b l e   to   t h e   s e c o n d   s h a f t ,   t h e  

d r i v e n   g e a r   b e i n g   d r i v i n g l y   c o n n e c t e d   to   t h e   d r i v e   g e a r ,  

and   a  c h a n g e o v e r   m e c h a n i s m   i n c l u d i n g   a  p a i r   of  c l u t c h  

s l e e v e s  e a c h   m o u n t e d   on  t h e   f i r s t   and  s e c o n d   s h a f t s   a n d  

s h i f t a b l e   b e t w e e n   a  f i r s t   p o s i t i o n   w h e r e   b o t h   t h e   c l u t c h  

s l e e v e s   a r e   r e t a i n e d   to   c o n n e c t   t h e   d r i v e   and  d r i v e n  

g e a r s   to   t h e   f i r s t   and  s e c o n d   s h a f t s   r e s p e c t i v e l y   and  a  

s e c o n d   p o s i t i o n   w h e r e   b o t h   t h e   c l u t c h   s l e e v e s   a r e  

r e t a i n e d   to   d i s c o n n e c t   t h e   d r i v e   and  d r i v e n   g e a r s   f r o m  

t h e   f i r s t   and  s e c o n d   s h a f t s   r e s p e c t i v e l y .  

In  t h e   a c t u a l   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n ,  

t h e   p o w e r   t r a n s f e r   d e v i c e   c o m p r i s e s   a  h o u s i n g ,   an  i n p u t  

s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g   f o r   c o n n e c t i o n  

to   an  o u t p u t   s h a f t   of  t h e   p o w e r   t r a n s m i s s i o n ,   a  f i r s t  

o u t p u t   s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g  

c o a x i a l l y   w i t h   t h e   i n p u t   s h a f t ,   t h e   f i r s t   o u t p u t   s h a f t  

h a v i n g   an  i n n e r   end   r o t a t a b l y   c o u p l e d   w i t h i n   t h e   i n p u t  



s h a f t   and  an  o u t p u t   end  f o r   d r i v e   c o n n e c t i o n   to   a  p a i r   o f  

r e a r - w h e e l   or  f r o n t - w h e e l   a x l e s ,   a  s e c o n d   o u t p u t   s h a f t  

r o t a t a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g   in  p a r a l l e l   w i t h   t h e  

f i r s t   o u t p u t   s h a f t   and  h a v i n g   an  o u t p u t  e n d   f o r   d r i v e  

c o n n e c t i o n   to   a  p a i r   of  f r o n t - w h e e l   or  r e a r - w h e e l   a x l e s ,  

a  d r i v e   g e a r   r o t a t a b l y   m o u n t e d   on  t h e   f i r s t   o u t p u t   s h a f t  

and  c o n n e c t a b l e   to   t h e   f i r s t   o u t p u t   s h a f t ,   and  a  d r i v e n  

g e a r   r o t a t a b l y   m o u n t e d   on  t h e   s e c o n d   o u t p u t   s h a f t   a n d  

c o n n e c t a b l e   to  t h e   s e c o n d   o u t p u t   s h a f t ,   t h e   d r i v e n   g e a r  

b e i n g   d r i v i n g l y   c o n n e c t e d   to   t he   d r i v e   g e a r .   The  p o w e r  

t r a n s f e r   d e v i c e   f u r t h e r   c o m p r i s e s   a  c h a n g e - s p e e d  

m e c h a n i s m   m o u n t e d   on  t h e   i n p u t   s h a f t   and  h a v i n g   an  i n p u t  

e l e m e n t   c o n n e c t e d   w i t h   t h e   i n p u t   s h a f t   and  an  o u t p u t  

e l e m e n t   f o r   p r o v i d i n g   a  low  s p e e d   d r i v e   p o w e r   t r a i n ,   a  

f i r s t   c h a n g e o v e r   m e c h a n i s m   i n c l u d i n g   a  c l u t c h   s l e e v e  

m o u n t e d   on  t he   f i r s t   o u t p u t   s h a f t   b e t w e e n   t h e  

c h a n g e - s p e e d   m e c h a n i s m   and  t he   d r i v e   g e a r   and  s h i f t a b l e  

b e t w e e n   a  f i r s t   p o s i t i o n   w h e r e   t he   c l u t c h   s l e e v e   i s  

r e t a i n e d   to   d i r e c t l y   c o n n e c t   t he   i n p u t   s h a f t   to   t h e   f i r s t  

o u t p u t   s h a f t   and  a  s e c o n d   p o s i t i o n   w h e r e   t h e   c l u t c h  

s l e e v e   i s   r e t a i n e d   to   c o n n e c t   t he   o u t p u t   e l e m e n t   of  t h e  

c h a n g e - s p e e d   m e c h a n i s m   to  t he   f i r s t   o u t p u t   s h a f t ,   and  a  

s e c o n d   c h a n g e o v e r   m e c h a n i s m   i n c l u d i n g   a  p a i r   of  s e c o n d  

c l u t c h   s l e e v e s   e a c h   m o u n t e d   on  t h e   f i r s t   and  s e c o n d  

o u t p u t   s h a f t s   and  s h i f t a b l e   b e t w e e n   a  f i r s t   p o s i t i o n  

w h e r e   b o t h   the   s e c o n d   c l u t c h   s l e e v e s   a r e   r e t a i n e d   t o  

c o n n e c t   t h e   d r i v e   and  d r i v e n   g e a r s   to  t h e   f i r s t   a n d  



s e c o n d   o u t p u t   s h a f t s   r e s p e c t i v e l y   and  a  s e c o n d   p o s i t i o n  

w h e r e   b o t h   t h e   s e c o n d   c l u t c h   s l e e v e s   a r e   r e t a i n e d   t o  

d i s c o n n e c t   t h e   d r i v e   and  d r i v e n   g e a r s   f r o m   t h e   f i r s t   a n d  

s e c o n d   o u t p u t   s h a f t s   r e s p e c t i v e l y .  

F o r   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   p r e s e n t  

i n v e n t i o n ,   and  to   show  how  t h e   same  may  be  c a r r i e d   i n t o  

e f f e c t ,   r e f e r e n c e   w i l l   now  be  m a d e ,   by  way  of  e x a m p l e ,   t o  

t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  f u l l   s e c t i o n a l   v i e w   of   a  p o w e r  

t r a n s f e r   d e v i c e   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

a n d  

F i g .   2  i l l u s t r a t e s   a  s h i f t   p a t t e r n   of  a  m a n u a l l y  

o p e r a t e d   t r a n s f e r   l e v e r   a d a p t e d   to   t h e   t r a n s f e r   d e v i c e .  

In   F i g .   1  of  t h e   d r a w i n g ,   t h e r e   i s   i l l u s t r a t e d   a  

p o w e r   t r a n s f e r   d e v i c e   f o r   p a r t - t i m e   f o u r   w h e e l   d r i v e   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   w h i c h   t r a n s f e r  

d e v i c e   i n c l u d e s ,   as  ma in   c o m p o n e n t s ,   an  i n p u t   s h a f t   10,  a  

f i r s t   o u t p u t   s h a f t   20,   a  d r i v e   s p r o c k e t   30 ,   a  d r i v e   c h a i n  

31,   a  d r i v e n   s p r o c k e t   32,  a  s e c o n d   o u t p u t   s h a f t   40,  a  

p l a n e t a r y   g e a r   u n i t   50 ,   a  f i r s t   c h a n g e o v e r   m e c h a n i s m   6 0 ,  

and  a  s e c o n d   c h a n g e o v e r   m e c h a n i s m   70.   The  i n p u t   s h a f t   1 0  

has   an  i n t e r n a l l y   s p l i n e d   p o r t i o n   10a  f o r   c o n n e c t i o n   t o  

an  o u t p u t   s h a f t   of  a  p o w e r   t r a n s m i s s i o n   ( n o t   s h o w n )   f o r  

an  a u t o m o t i v e   v e h i c l e   and  has   an  e x t e r n a l l y   s p l i n e d  

p o r t i o n   10b  f o r   m o u n t i n g   t h e   p l a n e t a r y   g e a r   u n i t   50  

t h e r e o n .   The  i n p u t   s h a f t   10  i s   r o t a t a b l y   m o u n t e d   o n  



a  l e f t - h a n d   s i d e   w a l l   of  a  t r a n s f e r   h o u s i n g   90  t h r o u g h   a  

n e e d l e   b e a r i n g   81,   a  c a r r i e r   54  of  t h e   p l a n e t a r y   g e a r  

u n i t   50  and  a  b a l l   b e a r i n g   82.  An  o i l   pump  11  i s   m o u n t e d  

on  t h e   o u t e r   end  p o r t i o n   of  i n p u t   s h a f t   10  to   s u p p l y  

l u b r i c a t i n g   o i l   to   b e a r i n g   p o r t i o n s   and  i n t e r m e s h e d  

p o r t i o n s   in  t he   t r a n s f e r   d e v i c e .  

The  f i r s t   o u t p u t   s h a f t   20  has   an  e x t e r n a l l y  

s p l i n e d   hub  p o r t i o n   20a  and  a  j o u r n a l   p o r t i o n   20b  and  i s  

a r r a n g e d   c o a x i a l l y   w i t h   t h e   i n p u t   s h a f t   10  f o r   d r i v e  

c o n n e c t i o n   to   a  p a i r   of  r e a r - w h e e l   a x l e s   ( n o t   s h o w n ) .  

The  f i r s t   o u t p u t   s h a f t   20  i s   r o t a t a b l y   m o u n t e d   on  a  

r i g h t - h a n d   s i d e   w a l l   of  t h e   t r a n s f e r   h o u s i n g   90  t h r o u g h   a  

b a l l   b e a r i n g   83  and  has   an  i n n e r   end  p o r t i o n   c o u p l e d  

w i t h i n   t he   i n n e r   end  p o r t i o n   of  i n p u t   s h a f t   10  t h r o u g h   a  

n e e d l e   b e a r i n g   84  f o r   r e l a t i v e   r o t a t i o n .   A  d r i v e   g e a r   2 1  

f o r   a  s p e e d o m e t e r   i s   f i x e d l y   m o u n t e d   on  t he   o u t e r   e n d  

p o r t i o n   of  t h e   f i r s t   o u t p u t   s h a f t   20.   The  d r i v e   s p r o c k e t  

30  i s   r o t a t a b l y   m o u n t e d   on  t h e   j o u r n a l   p o r t i o n   20b  o f  

f i r s t   o u t p u t   s h a f t   20  t h r o u g h   a  n e e d l e   b e a r i n g   85  and  i s  

d r i v i n g l y   c o n n e c t e d   to  t he   d r i v e n   s p r o c k e t   32  by  means   o f  

t h e   d r i v e   c h a i n   31.  The  d r i v e n   s p r o c k e t   32  i s   r o t a t a b l y  

m o u n t e d   on  a  j o u r n a l   p o r t i o n   40a  of  t h e   s e c o n d   o u p u t  

s h a f t   40  t h r o u g h   a  n e e d l e   b e a r i n g   86.   The  s e c o n d   o u t p u t  

s h a f t   40  is   a r r a n g e d   in  p a r a l l e l   w i t h   t he   i n p u t   a n d  

o u t p u t   s h a f t s   10  and  20  and  r o t a t a b l y   s u p p o r t e d   by  a  p a i r  

of  a x i a l l y   s p a c e d   b a l l   b e a r i n g s   87  and  88  m o u n t e d   w i t h i n  



t h e   t r a n s f e r   h o u s i n g   90.   The  s e c o n d   o u t p u t   s h a f t   40  h a s  

an  e x t e r n a l l y   s p l i n e d   p o r t i o n   40b  f o r   d r i v e   c o n n e c t i o n   t o  

a  p a i r   of   f r o n t - w h e e l   a x l e s .  

The  p l a n e t a r y   g e a r   u n i t   50  i s   a d a p t e d   as  a  

c h a n g e - s p e e d   m e c h a n i s m   f o r   t h e   t r a n s f e r   d e v i c e   w h i c h  

c o m p r i s e s   a  sun   g e a r   51  m o u n t e d   in  p l a c e   on  t h e  

e x t e r n a l l y   s p l i n e d   p o r t i o n   10b  of  i n p u t   s h a f t   10  f o r  

r o t a t i o n   t h e r e w i t h ,   a  s t a t i o n a r y   r i n g   g e a r   52  a r r a n g e d  

c o n c e n t r i c a l l y   w i t h   t h e   sun  g e a r   51  and  s p l i n e d   to  a n  

i n t e r n a l   c y l i n d r i c a l   w a l l   of  h o u s i n g   90 ,   and  a  p l u r a l i t y  

of   p l a n e t a r y   g e a r s   53  r o t a t a b l y   s u p p o r t e d   by  t h e   c a r r i e r  

54  and   in  mesh  w i t h   t h e   sun  g e a r   51  and  t h e   r i n g   g e a r   5 2 .  

An  a n n u l a r   g e a r   p l a t e   55  i s   f i x e d   to  t h e   r i g h t   end  o f  

c a r r i e r   54  f o r   r o t a t i o n   t h e r e w i t h   and  i s   f o r m e d   w i t h  

i n t e r n a l   s p l i n e   t e e t h   55a  w h i c h   a r e   a r r a n g e d   to   b e  

e n g a g e d   w i t h   e x t e r n a l   s p l i n e   t e e t h   62a  of  an  i n t e r n a l l y  

s p l i n e d   c l u t c h   s l e e v e   62.   When  t h e   c l u t c h   s l e e v e   62  i s  

a x i a l l y   moved  to   e n g a g e   t h e   i n t e r n a l   s p l i n e   t e e t h   55a  o f  

g e a r   p l a t e   55  a t   i t s   e x t e r n a l   s p l i n e   t e e t h   62a ,   t h e  

p l a n e t a r y   g e a r   u n i t   50  a c t s   to   t r a n s f e r   d r i v e   t o r q u e   f r o m  

t h e   i n p u t   s h a f t   10  to   t h e   f i r s t   o u t p u t   s h a f t   20  

t h e r e t h r o u g h   a t   a  p r e d e t e r m i n e d   r e d u c t i o n   s p e e d   r a t i o .  

The  f i r s t   c h a n g e o v e r   m e c h a n i s m   60  i n c l u d e s   a  

f i r s t   s h i f t   f o r k   61  w h i c h   i s   c o u p l e d   w i t h   t he   c l u t c h  

s l e e v e   62.  The  s h i f t   f o r k   61  i s   o p e r a t i v e l y   c o n n e c t e d   t o  



a  s i n g l e   t r a n s f e r   l e v e r   ( n o t   s h o w n )   w h i c h   i s   a r r a n g e d   i n  

the   v e h i c l e   c o m p a r t m e n t   to  be  s h i f t e d   by  t h e   d r i v e r .   I n  

F i g .   2  t h e r e   i s   i l l u s t r a t e d   a  s h i f t   p a t t e r n   of  t h e  

t r a n s f e r   l e v e r ,   w h e r e i n   t h e   c h a r a c t e r s   L4  and  H4  e a c h  

i n d i c a t e   low  and  h i g h   s p e e d   p o s i t i o n s   f o r   f o u r   w h e e l  

d r i v e ,   and  t he   c h a r a c t e r   H2  i n d i c a t e s   a  h i g h   s p e e d  

p o s i t i o n   f o r   two  w h e e l   d r i v e .   The  t r a n s f e r   l e v e r   i s  

s e l e c t i v e l y   r e t a i n e d   in  t h e   r e s p e c t i v e   s p e e d   p o s i t i o n s  

L 4 ,  H 4   and  H2  by  m e a n s   of  a  d e t e n t   m e c h a n i s m   ( n o t   s h o w n )  

m o u n t e d   w i t h i n   t h e   t r a n s f e r   d e v i c e .   When  t h e   t r a n s f e r  

l e v e r   is  r e t a i n e d   in  t h e   h i g h   s p e e d   p o s i t i o n   H4  f o r  

f o u r - w h e e l   d r i v e ,   t h e   s h i f t   f o r k   61  is   p o s i t i o n e d   t o  

r e t a i n   t h e   c l u t c h   s l e e v e   62  in  a  f i r s t   p o s i t i o n   I .   When  

t h e   t r a n s f e r   l e v e r   i s   s h i f t e d   f rom  t h e   h i g h   s p e e d  

p o s i t i o n   H4  to  t h e   low  s p e e d   p o s i t i o n   L4  f o r   f o u r - w h e e l  

d r i v e ,   t h e   s h i f t   f o r k   61  i s   s h i f t e d   to  r e t a i n   t h e   c l u t c h  

s l e e v e   62  in  a  s e c o n d   p o s i t i o n   I I .  

The  c l u t c h   s l e e v e   62  has   i n t e r n a l   s p l i n e   t e e t h  

62b  a x i a l l y   s l i d a b l y   e n g a g e d   w i t h   t h e   e x t e r n a l l y   s p l i n e d  

p o r t i o n   10b  of  i n p u t   s h a f t   10  and  t he   e x t e r n a l l y   s p l i n e d  

hub  p o r t i o n   20a  of  f i r s t   o u t p u t   s h a f t   20.  When  r e t a i n e d  

in  t he   f i r s t   p o s i t i o n   I ,   t he   c l u t c h   s l e e v e   62  i s  

d i s e n g a g e d   f rom  t h e   i n t e r n a l   s p l i n e   t e e t h   55a  of  g e a r  

p l a t e   55  and  is  in  e n g a g e m e n t   w i t h   t he   e x t e r n a l   s p l i n e d  

p o r t i o n   10b  of  i n p u t   s h a f t   10  to  e f f e c t   d i r e c t   c o n n e c t i o n  

b e t w e e n   t he   i n p u t   and  o u t p u t   s h a f t s   10  and  20.   When 



s h i f t e d   to   t h e   s e c o n d   p o s i t i o n   I I ,   t h e   c l u t c h   s l e e v e   6 2  

i s   d i s e n g a g e d   f r o m   t h e   e x t e r n a l l y   s p l i n e d   p o r t i o n   10b  o f  

i n p u t   s h a f t   10  and  e n g a g e d   w i t h   t h e   i n t e r n a l   s p l i n e   t e e t h  

55a  of  g e a r   p l a t e   55  a t   i t s   e x t e r n a l   s p l i n e   t e e t h   62a  t o  

d r i v i n g l y   c o n n e c t   t h e   i n p u t   s h a f t   10  to   t h e   f i r s t   o u t p u t  

s h a f t   20  t h r o u g h   t h e   p l a n e t a r y   g e a r   u n i t   5 0 .  

The  s e c o n d   c h a n g e o v e r   m e c h a n i s m   70  i n c l u d e s   a  

s e c o n d   s h i f t   f o r k   71  w h i c h   i s   c o u p l e d   a t   t h e   o p p o s i t e  

e n d s   t h e r e o f   w i t h   a  p a i r   of  i n t e r n a l l y   s p l i n e d   c l u t c h  

s l e e v e s   72  and  73.   The  s e c o n d   s h i f t   f o r k   71  i s   c a r r i e d  

a t   i t s   b a s e   p o r t i o n   on  a  s p r i n g   l o a d e d   s l i d e   r o d   7 1 a  

w h i c h   i s   a x i a l l y   s l i d a b l y   m o u n t e d   w i t h i n   t h e   h o u s i n g   9 0 .  

The  s e c o n d   s h i f t   f o r k   71  i s   o p e r a t i v e l y   c o n n e c t e d   to  t h e  

t r a n s f e r   l e v e r   to   be  moved   as  d e s c r i b e d   b e l o w .   When  t h e  

t r a n s f e r   l e v e r   i s   r e t a i n e d   in   t h e   h i g h   s p e e d   p o s i t i o n   H4 

f o r   f o u r - w h e e l   d r i v e ,   t h e   s e c o n d   s h i f t   f o r k   71  i s  

p o s i t i o n e d   to   r e t a i n   b o t h   t h e   c l u t c h   s l e e v e s   72  and  73  i n  

t h e i r   f i r s t   p o s i t i o n s   I .   When  t he   t r a n s f e r   l e v e r   i s  

s h i f t e d   f r o m   t h e   h i g h   s p e e d   p o s i t i o n   H4  to  t h e   h i g h   s p e e d  

p o s i t i o n   H2  f o r   t w o - w h e e l   d r i v e ,   t h e   s e c o n d   s h i f t   f o r k   7 1  

i s   s h i f t e d   to  r e t a i n   b o t h   t h e   c l u t c h   s l e e v e s   72  and  73  i n  

t h e i r   s e c o n d   p o s i t i o n s   I I .  

The  c l u t c h   s l e e v e   72  has   i n t e r n a l   s p l i n e   t e e t h  

72a  a x i a l l y   s l i d a b l y   e n g a g e d   w i t h   t h e   e x t e r n a l l y   s p l i n e d  

hub  p o r t i o n   20a  of  f i r s t   o u t p u t   s h a f t   20  to   be  b r o u g h t  



i n t o   e n g a g e m e n t   w i t h   e x t e r n a l   s p l i n e   t e e t h   30a  f o r m e d   o n  

t h e   l e f t   end  hub  p o r t i o n   of  d r i v e   s p r o c k e t   30.  When 

r e t a i n e d   in  t h e   f i r s t   p o s i t i o n   I ,   t he   c l u t c h   s l e e v e   72  i s  

in  e n g a g e m e n t   w i t h   t h e   e x t e r n a l   s p l i n e   t e e t h   30a  of  d r i v e  

s p r o c k e t   30  to  r o t a t e   t h e   d r i v e   s p r o c k e t   30  w i t h   t h e  

f i r s t   o u t p u t   s h a f t   20.   When  s h i f t e d   to  and  r e t a i n e d   i n  

t he   s e c o n d   p o s i t i o n   I I ,   t h e   c l u t c h   s l e e v e   72  i s  

d i s e n g a g e d   f rom  t h e   e x t e r n a l   s p l i n e   t e e t h   30a  of  d r i v e  

s p r o c k e t   30  to  d i s c o n n e c t   t h e   d r i v e   s p r o c k e t   30  f rom  t h e  

f i r s t   o u t p u t   s h a f t   20.   S i m i l a r   to  t he   c l u t c h   s l e e v e   7 2 ,  

t he   c l u t c h   s l e e v e   73  has   i n t e r n a l   s p l i n e   t e e t h   7 3 a  

a x i a l l y   s l i d a b l y   e n g a g e d   w i t h   e x t e r n a l   s p l i n e   t e e t h   of  a  

hub  member  41  to  be  b r o u g h t   i n t o   e n g a g e m e n t   w i t h   e x t e r n a l  

s p l i n e   t e e t h   32a  f o r m e d   on  t he   l e f t   end  hub  p o r t i o n   o f  

d r i v e n   s p r o c k e t   32.  The  hub  member   41  i s   s p l i n e d   to  t h e  

s e c o n d   o u t p u t   s h a f t   40  f o r   r o t a t i o n   t h e r e w i t h .   When 

r e t a i n e d   in  t he   f i r s t   p o s i t i o n   I ,   t h e   c l u t c h   s l e e v e   73  i s  

in  e n g a g e m e n t   w i t h   t h e   e x t e r n a l   s p l i n e   t e e t h   32a  o f  

d r i v e n   s p r o c k e t   32  to   r o t a t e   t h e   d r i v e n   s p r o c k e t   32  w i t h  

t he   s e c o n d   o u t p u t   s h a f t   40.   When  s h i f t e d   to  and  r e t a i n e d  

in  t he   s e c o n d   p o s i t i o n   I I ,   t h e   c l u t c h   s l e e v e   73  i s  

d i s e n g a g e d   f rom  t h e   e x t e r n a l   s p l i n e   t e e t h   32a  of  d r i v e n  

s p r o c k e t   32  to  d i s c o n n e c t   t h e   d r i v e n   s p r o c k e t   32  f rom  t h e  

s e c o n d   o u t p u t   s h a f t   4 0 .  

In  t h i s   e m b o d i m e n t ,   t h e   c l u t c h   s l e e v e   73  i s  

p r o v i d e d   w i t h   a  w e l l   known  s y n c h r o n i z e r   m e c h a n i s m   w h i c h  



i n c l u d e s   a  s y n c h r o n i z e r   r i n g   74  r o t a t a b l y   and  a x i a l l y  

s l i d a b l y   m o u n t e d   on  a  c o n i c a l   p o r t i o n   32b  of  d r i v e n  

s p r o c k e t   32 ,   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y   s p a c e d  

s t r u t   k e y s   75  m o u n t e d   on  t h e   hub  member  41  f o r   e n g a g e m e n t  

w i t h   t h e   c l u t c h   s l e e v e   73,   and  a  p a i r   of  a n n u l a r   s p r i n g s  

76  in   e n g a g e m e n t   w i t h   t h e   s t r u t   k e y s   75.   In  s h i f t i n g  

o p e r a t i o n   of   t h e   s e c o n d   s h i f t   f o r k   71  f r o m   t h e   s e c o n d  

p o s i t i o n   I I   t o   t h e   f i r s t   p o s i t i o n   I ,   t h e   s y n c h r o n i z e r  

m e c h a n i s m   a c t s   to   e f f e c t   s y n c h r o n o u s   c o n n e c t i o n   b e t w e e n  

t h e   d r i v e n   s p r o c k e t   32  and  t h e   s e c o n d   o u t p u t   s h a f t   4 0  

p r i o r   to   e n g a g e m e n t   of  t h e   c l u t c h   s l e e v e   72  w i t h   t h e  

e x t e r n a l   s p l i n e   t e e t h   30a  of  d r i v e   s p r o c k e t   3 0 .  

H e r e i n a f t e r ,   o p e r a t i o n   of  t h e   p o w e r   t r a n s f e r  

d e v i c e   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1  and  2 .  

A s s u m i n g   t h a t   t h e   t r a n s f e r   l e v e r   i s   r e t a i n e d   in  t h e   h i g h  

s p e e d   p o s i t i o n   H4  f o r   f o u r - w h e e l   d r i v e ,   t h e   c l u t c h   s l e e v e  

62  i s   r e t a i n e d   by  t h e   f i r s t   s h i f t   f o r k   61  in  t h e   f i r s t  

p o s i t i o n   I ,   w h i l e   b o t h   t h e   c l u t c h   s l e e v e s   72  and  73  a r e  

r e t a i n e d   by  t h e   s e c o n d   s h i f t   f o r k   71  in  t h e i r   f i r s t  

p o s i t i o n s   I .   In  t h i s   c o n d i t i o n ,   t h e   c l u t c h   s l e e v e   6 2  

a c t s   to   e f f e c t   d i r e c t   c o n n e c t i o n   b e t w e e n   t h e   i n p u t   a n d  

o u t p u t   s h a f t s   10  and  20 ,   w h i l e   t h e   c l u t c h   s l e e v e s   72  a n d  

73  e a c h   a c t   to   c o n n e c t   t h e   d r i v e   s p r o c k e t   30  to   t h e   f i r s t  

o u t p u t   s h a f t   20  and  to   c o n n e c t   t h e   d r i v e n   s p r o c k e t   32  t o  

t h e   s e c o n d   o u t p u t   s h a f t   40.  T h u s ,   t h e   f i r s t   o u t p u t   s h a f t  

20  i s   d r i v i n g l y   c o n n e c t e d   to   t h e   s e c o n d   o u t p u t   s h a f t   40  



t h r o u g h   t h e   d r i v e   c h a i n   31  to  t r a n s f e r   t h e   o u t p u t   d r i v e  

t o r q u e   f rom  t he   power   t r a n s m i s s i o n   to  t he   f r o n t   and  r e a r  

w h e e l   a x l e s   t h e r e t h r o u g h   t h e r e b y   to  p r o v i d e   a  h i g h   s p e e d  

f o u r - w h e e l   d r i v e .  

When  t he   t r a n s f e r   l e v e r   i s   s h i f t e d   f r o m   t h e   h i g h  

s p e e d   p o s i t i o n   H4  to  t h e   h i g h   s p e e d   p o s i t i o n   H2  f o r  

t w o - w h e e l   d r i v e ,   t he   s e c o n d   s h i f t   f o r k   71  i s   moved  t o  

s h i f t   b o t h   t h e   c l u t c h   s l e e v e s   72  and  73  to  t h e i r   s e c o n d  

p o s i t i o n s   II   and  r e t a i n   them  in  p l a c e .   In  such   a  

c o n d i t i o n ,   t he   c l u t c h   s l e e v e   72  i s   d i s e n g a g e d   f rom  t h e  

e x t e r n a l   s p l i n e   t e e t h   30a  of  d r i v e   s p r o c k e t   30  to  p e r m i t  

f r e e   r o t a t i o n   of  t h e   f i r s t   o u t p u t  s h a f t   20  w i t h   r e s p e c t  

to   t h e   d r i v e   s p r o c k e t   30,  and  t he   c l u t c h   s l e e v e   73  i s  

d i s e n g a g e d   f rom  t he   e x t e r n a l   s p l i n e   t e e t h   32a  of  d r i v e n  

s p r o c k e t   32  to   p e r m i t   f r e e   r o t a t i o n   of  t h e   s e c o n d   o u t p u t  

s h a f t   40  w i t h   r e s p e c t   to  t h e   d r i v e n   s p r o c k e t   32.  T h u s ,  

t h e   f i r s t   o u t p u t   s h a f t   20  i s   d i s c o n n e c t e d   f r o m   t he   s e c o n d  

o u t p u t   s h a f t   40  to  d r i v e   o n l y   t h e   r e a r - w h e e l   a x l e s  

t h e r e b y   to  p r o v i d e   a  h i g h   s p e e d   t w o - w h e e l   d r i v e .   When 

t h e   t r a n s f e r   l e v e r   i s   s h i f t e d   f r o m   t h e   h i g h   s p e e d  

p o s i t i o n   H4  to   t he   low  s p e e d   p o s t i o n   L4  f o r   f o u r - w h e e l  

d r i v e ,   t h e   f i r s t   s h i f t   f o r k   61  i s   moved  to   s h i f t   t h e  

c l u t c h   s l e e v e   62  to  t he   s e c o n d   p o s i t i o n   I I   and  r e t a i n   i t  

in  p l a c e .   In  t h i s   c o n d i t i o n ,   t h e   c l u t c h   s l e e v e   62  i s  

d i s e n g a g e d   f rom  t he   e x t e r n a l l y   s p l i n e d   p o r t i o n   10b  o f  

i n p u t   s h a f t   10  and  e n g a g e d   w i t h   t h e   i n t e r n a l   s p l i n e   t e e t h  



55a  of   g e a r   p l a t e   55  a t   i t s   e x t e r n a l   s p l i n e   t e e t h   62a  t o  

r o t a t e   t h e   f i r s t   o u t p u t   s h a f t   20  w i t h   t h e   g e a r   p l a t e   5 5 .  

T h u s ,   t h e   p l a n e t a r y   g e a r   u n i t   50  a c t s   to   t r a n s f e r   t h e  

o u t p u t   d r i v e   t o r q u e   f r o m   t h e   i n p u t   s h a f t   10  to   t he   f i r s t  

o u t p u t   s h a f t   20  t h e r e t h r o u g h   a t   t h e   p r e d e t e r m i n e d  

r e d u c t i o n   s p e e d   r a t i o   t h e r e b y   to   p r o v i d e   a  low  s p e e d  

f o u r - w h e e l   d r i v e .  

From  t h e   a b o v e   d e s c r i p t i o n ,   i t   w i l l   b e  

u n d e r s t o o d   t h a t   d u r i n g   t r a v e l   of  t h e   v e h i c l e   in  t h e   h i g h  

s p e e d   t w o - w h e e l   d r i v e   mode ,   b o t h   t h e   c l u t c h   s l e e v e s   7 2  

and   73  a r e   r e t a i n e d   in  t h e i r   s e c o n d   p o s i t i o n s   I I   t o  

d i s c o n n e c t   t h e   d r i v e   and  d r i v e n   s p r o c k e t s   30  and  32  f r o m  

t h e   f i r s t   and  s e c o n d   o u t p u t   s h a f t s   20  and   4 0 ,  

r e s p e c t i v e l y .   T h i s   i s   e f f e c t i v e   to   s t i l l   b o t h   t h e   d r i v e  

and  d r i v e n   s p r o c k e t s   30  and  32  on  t h e   r e s p e c t i v e   o u t p u t  

s h a f t s   20  and  40  so  as  to   p r e v e n t   b a c k   d r i v e   to   t h e   c h a i n  

and  s p r o c k e t   a s s e m b l y   30,  31  and   32  when  t h e   v e h i c l e   i s  

in   t h e   h i g h   s p e e d   t w o - w h e e l   d r i v e   m o d e .   I t   i s ,  

t h e r e f o r e ,   a b l e   to   r e d u c e   wear   and  p o w e r   c o n s u m p t i o n  

c a u s e d   by  r o t a t i o n   of  t h e   c h a i n   and  s p r o c k e t   a s s e m b l y  

d u r i n g   h i g h   s p e e d   t r a v e l   of  t h e   v e h i c l e   in  t h e   t w o - w h e e l  

d r i v e   mode .   F u r t h e r m o r e ,   in  t h e   p o w e r   t r a n s f e r   d e v i c e ,  

o n l y   t h e   c l u t c h   s l e e v e   62  i s   s h i f t e d   to   s e l e c t i v e l y  

p r o v i d e   t h e   h i g h   s p e e d   f o u r - w h e e l   d r i v e   or  t h e   low  s p e e d  

f o u r - w h e e l   d r i v e ,   and  t h e   c l u t c h   s l e e v e s   72,  73  a r e  

s h i f t e d   o n l y   to   s e l e c t i v e l y   p r o v i d e   t h e   h i g h   s p e e d  



f o u r - w h e e l   d r i v e   or  t h e   h i g h   s p e e d   t w o - w h e e l   d r i v e .   T h i s  

means   t h a t   t he   s e c o n d   p o s i t i o n   II   of  c l u t c h   s l e e v e   62  i s  

c o m m o n l y   u t i l i z e d   w i t h   t h e   s e c o n d   p o s i t i o n   II   of  c l u t c h  

s l e e v e   72  to  m i n i m i z e   t he   a x i a l   s p a c e   f o r   m o v e m e n t s   o f  

t h e   c l u t c h   s l e e v e s   62  and  7 2 .  

A l t h o u g h   in  t he   a b o v e   e m b o d i m e n t ,   t he   p r e s e n t  

i n v e n t i o n   has   been   a d a p t e d   to  a  power   t r a n s f e r   d e v i c e   o f  

t h e   t y p e   in  w h i c h   t he   d r i v e   c h a i n   31  i s   a d a p t e d   t o  

d r i v i n g l y   c o n n e c t   t h e   d r i v e   s p r o c k e t   30  to  t h e   d r i v e n  

s p r o c k e t   32,  t he   i n v e n t i o n   may  be  a d a p t e d   to  a  p o w e r  

t r a n s f e r   d e v i c e   of  t h e   t y p e   in  w h i c h   an  i n t e r m e d i a t e   g e a r  

is   a r r a n g e d   to  d r i v i n g l y   c o n n e c t   t he   d r i v e   and  d r i v e n  

s p r o c k e t s   30  and  32  to  e a c h   o t h e r .   F u r t h e r m o r e ,   t h e  

s y n c h r o n i z e r   m e c h a n i s m   b e t w e e n   t h e   d r i v e n   s p r o c k e t   3L  a n d  

t he   s e c o n d   o u t p u t   s h a f t   40  may  be  s u b s t i t u t e d   f o r   a  

s y c h r o n i z e r   m e c h a n i s m   b e t w e e n   t h e   d r i v e   s p r o c k e t   30  a n d  

t he   f i r s t   o u t p u t   s h a f t   2 0 .  



1.  A  power   t r a n s f e r   d e v i c e   a d a p t e d   f o r   use   i n  

c o m b i n a t i o n   w i t h   a  p o w e r   t r a n s m i s s i o n   f o r   an  a u t o m o t i v e  

v e h i c l e ,   c o m p r i s i n g :  

a  h o u s i n g ;  

a  f i r s t   s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n   s a i d  

h o u s i n g   and  h a v i n g   an  i n p u t   end  f o r   c o n n e c t i o n   to  a n  

o u t p u t   s h a f t   of  s a i d   p o w e r   t r a n s m i s s i o n   and  an  o u t p u t   e n d  

f o r   d r i v e   c o n n e c t i o n   to   a  p a i r   of  r e a r - w h e e l   o r  

f r o n t - w h e e l   a x l e s   of  t h e   v e h i c l e ;  

a  s e c o n d   s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n   s a i d  

h o u s i n g   in  p a r a l l e l   w i t h   s a i d   f i r s t   s h a f t   and  h a v i n g   a n  

o u t p u t   end  f o r   d r i v e   c o n n e c t i o n   to  a  p a i r   of  f r o n t - w h e e l  

or   r e a r - w h e e l   a x l e s   of  t h e   v e h i c l e ;  

a  d r i v e   g e a r   r o t a t a b l y   m o u n t e d   on  s a i d   f i r s t  

s h a f t   and  c o n n e c t a b l e   to   s a i d   f i r s t   s h a f t ;  

a  d r i v e n   g e a r   r o t a t a b l y   m o u n t e d   on  s a i d   s e c o n d  

s h a f t   and   c o n n e c t a b l e   to   s a i d   s e c o n d   s h a f t ,   s a i d   d r i v e n  

g e a r   b e i n g   d r i v i n g l y   c o n n e c t e d   to  s a i d   d r i v e   g e a r ;   a n d  

a  c h a n g e o v e r   m e c h a n i s m   i n c l u d i n g   a  p a i r   o f  

c l u t c h   s l e e v e s   e a c h   m o u n t e d   on  s a i d   f i r s t   and  s e c o n d  

s h a f t s   and   s h i f t a b l e   b e t w e e n   a  f i r s t   p o s i t i o n   w h e r e   b o t h  

s a i d   c l u t c h   s l e e v e s   a r e   r e t a i n e d   to   c o n n e c t   s a i d   d r i v e  

and   d r i v e n   g e a r s   to  s a i d   f i r s t   and  s e c o n d   s h a f t s  

r e s p e c t i v e l y   and  a  s e c o n d   p o s i t i o n   w h e r e   b o t h   s a i d   c l u t c h  

s l e e v e s   a r e   r e t a i n e d   to   d i s c o n n e c t   s a i d   d r i v e   and  d r i v e n  



g e a r s   f r o m   s a i d   f i r s t   and  s e c o n d   s h a f t s   r e s p e c t i v e l y .  

2.  A  p o w e r   t r a n s f e r   d e v i c e   as  c l a i m e d   in  C l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a  s y n c h r o n i z e r   m e c h a n i s m   a r r a n g e d   t o  

e f f e c t   s y n c h r o n o u s   c o n n e c t i o n   b e t w e e n   s a i d   d r i v e n   g e a r  

and  s a i d   s e c o n d   s h a f t   in  s h i f t i n g   o p e r a t i o n   of  s a i d  

c l u t c h   s l e e v e   on  s a i d   s e c o n d   s h a f t   t o w a r d   the   f i r s t  

p o s i t i o n   f rom  t h e   s e c o n d   p o s i t i o n .  

3.  A  p o w e r   t r a n s f e r   d e v i c e   a d a p t e d   f o r   u se   i n  

c o m b i n a t i o n   w i t h   a  p o w e r   t r a n s m i s s i o n   f o r   an  a u t o m o t i v e  

v e h i c l e ,   c o m p r i s i n g :  

a  h o u s i n g ;  

an  i n p u t   s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n   s a i d  

h o u s i n g   f o r   c o n n e c t i o n   to  an  o u t p u t   s h a f t   of  s a i d   p o w e r  

t r a n s m i s s i o n ;  

a  f i r s t   o u t p u t   s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n  

s a i d   h o u s i n g   c o a x i a l l y   w i t h   s a i d   i n p u t   s h a f t ,   s a i d   f i r s t  

o u t p u t   s h a f t   h a v i n g   an  i n n e r   end  r o t a t a b l y   c o u p l e d   w i t h i n  

s a i d   i n p u t   s h a f t   and  h a v i n g   an  o u t p u t   end  f o r   d r i v e  

c o n n e c t i o n   to  a  p a i r   of  r e a r - w h e e l   or   f r o n t - w h e e l   a x l e s ;  

a  s e c o n d   o u t p u t   s h a f t   r o t a t a b l y   m o u n t e d   w i t h i n  

s a i d   h o u s i n g   in  p a r a l l e l   w i t h   s a i d   f i r s t   o u t p u t   s h a f t   a n d  

h a v i n g   an  o u t p u t   end  f o r   d r i v e   c o n n e c t i o n   to  a  p a i r   o f  

f r o n t - w h e e l   or   r e a r - w h e e l   a x l e s ;  

a  d r i v e   member   r o t a t a b l y   m o u n t e d   on  s a i d   f i r s t  

o u t p u t   s h a f t   and  c o n n e c t a b l e   to  s a i d   f i r s t   o u t p u t   s h a f t ;  



a  d r i v e n   member   r o t a t a b l y   m o u n t e d   on  s a i d   s e c o n d  

o u t p u t   s h a f t   and  c o n n e c t a b l e   to   s a i d   s e c o n d   o u t p u t   s h a f t ,  

s a i d   d r i v e n   member   b e i n g   d r i v i n g l y   c o n n e c t e d   to  s a i d  

d r i v e   m e m b e r ;  

a  c h a n g e - s p e e d   m e c h a n i s m   m o u n t e d   on  s a i d   i n p u t  

s h a f t   and  h a v i n g   an  i n p u t   e l e m e n t   c o n n e c t e d   w i t h   s a i d  

i n p u t   s h a f t   and  an  o u t p u t   e l e m e n t   f o r   p r o v i d i n g   a  l o w  

s p e e d   d r i v e   p o w e r   t r a i n ;  

a  f i r s t   c h a n g e o v e r   m e c h a n i s m   i n c l u d i n g   a  c l u t c h  

s l e e v e   m o u n t e d   on  s a i d   f i r s t   o u t p u t   s h a f t   b e t w e e n   s a i d  

c h a n g e - s p e e d   m e c h a n i s m   and  s a i d   d r i v e   member   a n d  

s h i f t a b l e   b e t w e e n   a  f i r s t  p o s i t i o n   w h e r e i n   s a i d   c l u t c h  

s l e e v e   i s   r e t a i n e d   to   d i r e c t l y   c o n n e c t   t h e   i n p u t   s h a f t   t o  

s a i d   f i r s t   o u t p u t   s h a f t   and  a  s e c o n d   p o s i t i o n   w h e r e   s a i d  

c l u t c h   s l e e v e   i s   r e t a i n e d   to  c o n n e c t   t h e   o u t p u t   e l e m e n t  

of   s a i d   c h a n g e - s p e e d   m e c h a n i s m   to   s a i d   f i r s t   o u t p u t  

s h a f t ;   a n d  

a  s e c o n d   c h a n g e o v e r   m e c h a n i s m   i n c l u d i n g   a  p a i r  

of   s e c o n d   c l u t c h   s l e e v e s   e a c h   m o u n t e d   on  s a i d   f i r s t   a n d  

s e c o n d   o u t p u t   s h a f t s   and  a r r a n g e d   a d j a c e n t   s a i d   d r i v e   a n d  

d r i v e n   m e m b e r s ,   s a i d   s e c o n d   c l u t c h   s l e e v e s   b e i n g  

s h i f t a b l e   b e t w e e n   a  f i r s t   p o s i t i o n   w h e r e   b o t h   s a i d   s e c o n d  

c l u t c h   s l e e v e s   a r e   r e t a i n e d   to   c o n n e c t   s a i d   d r i v e   a n d  

d r i v e n   m e m b e r s   to   s a i d   f i r s t   and  s e c o n d   o u t p u t   s h a f t s  

r e s p e c t i v e l y   and  a  s e c o n d   p o s i t i o n   w h e r e   b o t h   s a i d   s e c o n d  

c l u t c h   s l e e v e s   a r e   r e t a i n e d   to   d i s c o n n e c t   s a i d   d r i v e   a n d  

d r i v e n   m e m b e r s   f r o m   s a i d   f i r s t   and  s e c o n d   o u t p u t   s h a f t s  

r e s p e c t i v e l y .  



4.  A  p o w e r   t r a n s f e r   d e v i c e   as  c l a i m e d   in  C l a i m   3 ,  

w h e r e i n   s a i d   c h a n g e - s p e e d   m e c h a n i s m   is   in  t he   f o r m  o f   a  

p l a n e t a r y   g e a r   u n i t   m o u n t e d   on  s a i d   i n p u t   s h a f t   a n d  

h a v i n g   an  i n p u t   e l e m e n t   c o n n e c t e d   w i t h   s a i d   i n p u t   s h a f t  

and  an  o u t p u t   e l e m e n t   f o r   p r o v i d i n g   a  low  s p e e d   d r i v e  

power   t r a i n ,   and  w h e r e i n   s a i d   c l u t c h   s l e e v e   of  s a i d   f i r s t  

c h a n g e o v e r   m e c h a n i s m   is   r e t a i n e d   in  t h e   f i r s t   p o s i t i o n   t o  

d i r e c t l y   c o n n e c t   s a i d   i n p u t   s h a f t   to  s a i d   f i r s t   o u t p u t  

s h a f t   and  r e t a i n e d   in  t h e   s e c o n d   p o s i t i o n   to   d i s c o n n e c t  

s a i d   i n p u t   s h a f t   f r om  s a i d   f i r s t   o u t p u t   s h a f t   and  c o n n e c t  

the   o u t p u t   e l e m e n t   of  s a i d   p l a n e t a r y   g e a r   u n i t   to  s a i d  

f i r s t   o u t p u t   s h a f t .  

5.  A  p o w e r   t r a n s f e r   d e v i c e   as  c l a i m e d   in  C l a i m   4 ,  

w h e r e i n   s a i d   p l a n e t a r y   g e a r   u n i t   i n c l u d e s  a   sun  g e a r  

m o u n t e d   on  s a i d   i n p u t   s h a f t   f o r   r o t a t i o n   t h e r e w i t h ,   a  

s t a t i o n a r y   r i n g   g e a r   a r r a n g e d   c o n c e n t r i c a l l y   w i t h   s a i d  

sun  g e a r ,   a  c a r r i e r   r o t a t a b l y   m o u n t e d   o n  s a i d   i n p u t  

s h a f t ,   a  p l a n e t a r y   g e a r   r o t a t a b l y   s u p p o r t e d   by  s a i d  

c a r r i e r   and  in  mesh  w i t h   s a i d   sun  g e a r   and  s a i d   r i n g  

g e a r ,   and  a  s i d e   g e a r   p l a t e   f i x e d   to  one  end  of  s a i d  

c a r r i e r   f o r   r o t a t i o n   t h e r e w i t h ,   and  w h e r e i n   s a i d   c l u t c h  

s l e e v e   of  s a i d   f i r s t   c h a n g e o v e r   m e c h a n i s m   is   r e t a i n e d   i n  

t he   f i r s t   p o s i t i o n   to   d i r e c t l y   c o n n e c t   s a i d   i n p u t   s h a f t  

to  s a i d   f i r s t   o u t p u t   s h a f t   and  r e t a i n e d   in  t h e   s e c o n d  

p o s i t i o n   to  d i s c o n n e c t   s a i d   i n p u t   s h a f t   f rom  s a i d   f i r s t  

o u t p u t   s h a f t   and  c o n n e c t   s a i d   s i d e   g e a r   p l a t e   to  s a i d  

f i r s t   o u t p u t   s h a f t .  



6.  A  p o w e r   t r a n s f e r   d e v i c e   as  c l a i m e d   in  C l a i m   3 ,  

w h e r e i n   s a i d   d r i v e   member   i s   a  d r i v e   s p r o c k e t   r o t a t a b l e  

on  s a i d   f i r s t   o u t p u t   s h a f t ,   and  s a i d   d r i v e n   member   i s   a  

d r i v e n   s p r o c k e t   r o t a t a b l e   on  s a i d   s e c o n d   o u t p u t   s h a f t   a n d  

b e i n g   d r i v i n g l y   c o n n e c t e d   to   s a i d   d r i v e   s p r o c k e t   by  m e a n s  

of  a  d r i v e   c h a i n .  

7.  A  p o w e r   t r a n s f e r   d e v i c e   as  c l a i m e d   in  C l a i m   3 ,  

f u r t h e r   c o m p r i s i n g   a  s y n c h r o n i z e r   m e c h a n i s m   a r r a n g e d   t o  

e f f e c t   s y n c h r o n o u s   c o n n e c t i o n   b e t w e e n   s a i d   d r i v e n   m e m b e r  

and  s a i d   s e c o n d   o u t p u t   s h a f t   in  s h i f t i n g   o p e r a t i o n   o f  

s a i d   s e c o n d   c l u t c h   s l e e v e   on  s a i d   s e c o n d   o u t p u t   s h a f t  

t o w a r d   t h e   f i r s t   p o s i t i o n   f r o m   t h e   s e c o n d   p o s i t i o n .  
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